The recent health care reform debate has heightened interest in the potential for national medical cost savings from investment in public health and disease prevention. National-level estimates are informative about the expected magnitude and distribution of returns to such investment across the various payers in the health care system. However, neither the magnitude nor the distribution of returns is likely to be uniform across states. Age, household income, and race/ethnicity are important correlates of the overall disease burden, and variation in the proportions of the population that are elderly, poor, and employed affect the distribution of cost burdens among payers. Because state governments likely will bear a significant portion of the investment costs, the states will benefit from savings estimates that take into account differences in the relevant demographic and economic characteristics affecting potential returns. Estimates of potential medical cost savings can provide guidance to states and other stakeholders on the extent to which outlays for prevention programs may be offset by reduced medical care spending.
Because many chronic conditions stem from similar, largely lifestyle-related risk factors, such as smoking, poor diet, or inadequate physical activity, primary prevention programs aimed at addressing these causes have the potential to affect multiple conditions.
1 Re- search suggests that even small increases in exercise, improvements in nutrition, and continued reduction in tobacco use can have measurable effects on disease. [2] [3] [4] [5] Risk factor reduction is likely to yield some savings in the short run by reducing the onset of uncomplicated disease, but the largest savings are likely to occur in the medium and longer runs because costly complications are avoided. The long-term horizon may reduce incentives for investment in primary prevention, particularly in the private sector where the original investor may expect to realize only some of the long-run return on investment. For example, few Americans have a single health insurer throughout their preretirement years, and Medicare becomes the primary payer for almost all US residents at the age of 65 years. Thus, much of the return on an insurer's investment in primary prevention for younger subscribers may accrue to other payers, particularly Medicare. Because the prevalence of chronic disease rises with age, the implications of failing to address modifiable risks at younger ages are higher costs for private insurers and Medicaid for the working-age population in the short run and greater Medicare costs to treat related advanced disease in the longer run. The challenge for public policy is to recognize and fully account for the incidence of both costs and savings over time in assessing the potential for savings from investment in primary prevention.
For our study, we analyzed the excess medical costs associated with 2 common and preventable chronic diseases and the savings that could be realized over time from reductions in the prevalence of these 2 conditions and associated complications. Specifically, we modeled a reduction in the incidence of diabetes and hypertension, which was assumed to be accomplished through diet, exercise, and reduced smoking, and which, over time, would in turn reduce the incidence of some of the most serious and expensive complications of the 2 conditions-such as heart disease, stroke, and kidney disease-and their biological antecedents. We assumed that population-based primary prevention activities lead to reduced disease onset in the short run and, consequently, to reduced complications associated with the avoided diseases and their biological antecedents in the medium run. The assumption of population-based prevention means that intervention costs are not borne by the medical care system. We estimated potential savings at both the state and national levels from a model that took state differences into account.
Objectives. We estimated national and state-level potential medical care cost savings achievable through modest reductions in the prevalence of several diseases associated with the same lifestyle-related risk factors.
Methods. Using Medical Expenditure Panel Survey Household Component data (2003) (2004) (2005) , we estimated the effects on medical spending over time of reductions in the prevalence of diabetes, hypertension, and related conditions amenable to primary prevention by comparing simulated counterfactual morbidity and medical care expenditures to actual disease and expenditure patterns. We produced state-level estimates of spending by using multivariate reweighting techniques.
Results. Nationally, we estimated that reducing diabetes and hypertension prevalence by 5% would save approximately $9 billion annually in the near term. With resulting reductions in comorbidities and selected related conditions, savings could rise to approximately $24.7 billion annually in the medium term. Returns were greatest in absolute terms for private payers, but greatest in percentage terms for public payers. State savings varied with demographic makeup and prevailing morbidity.
Conclusions. Well-designed interventions that achieve improvements in lifestyle-related risk factors could result in sufficient savings in the short and medium term to substantially offset intervention costs. 
METHODS
We modeled the development over time of a set of major chronic diseases by drawing on evidence from the literature. The diseases chosen are among the most expensive conditions to treat in the United States [6] [7] [8] and are amenable to prevention through improvements in nutrition, increases in physical activity, and reductions in smoking, all of which can be central elements in population-based primary prevention. Specifically, the model examined diabetes and hypertension and a subset of the most important complications associated with those 2 diseases-heart disease, stroke, and kidney disease-and their biological antecedents [9] [10] [11] [12] over 2 time periods: 1 to 2 years and 5 years or more. We used the term ''uncomplicated disease'' to refer to diabetes or hypertension occurring individually or together but without the 3 study complications and the term ''complicated disease'' to refer to diabetes or hypertension occurring with coexisting heart disease, stroke, or kidney disease, as well as selected forms of these 3 diseases occurring without diabetes or hypertension but associated with common biological antecedents. The first time period of 1-2 years represents a plausible time for the effects of primary prevention to be seen 13, 14 ; the second period of 5 years or more reflects the time over which intervention effects on complications of the diseases are assumed to be seen. The timing of complications associated with diabetes or hypertension or their antecedents depends on many factors. Research has shown that the risk of the complications we examined is higher among those with diagnosed diabetes, but also15 years or more before diabetes diagnosis, with further risk elevation after diabetes diagnosis. 10 Two hypothetical explanations are that the biological processes leading to complications of the disease begin in advance of diabetes onset or that both diabetes and its complications have the same biological antecedents. [9] [10] [11] [12] The assumed 5-year period over which reduced onset of complications could be observed was illustrative, but the savings estimates, which were reported in constant 2008 dollars, did not depend on any specific timing assumption. The model included as complications only those types of heart disease, stroke, or kidney disease associated with diabetes or hypertension or their biological antecedents and therefore likely also to be affected by primary prevention activities. The clinical classification codes for all conditions included in the model, according to the International Classification of Diseases, Ninth Revision, 15 are provided in Table 1 .
In the model, a primary prevention intervention was assumed to reduce the prevalence of uncomplicated diabetes or hypertension by a fixed percentage in the first period. We assumed that this reduction and the reduction in related biological antecedents led to a proportional reduction in the prevalence of heart disease, stroke, and renal disease in the second period. We did not model any direct firstperiod effects of the intervention on people who already had diagnosed diabetes or hypertension, either with or without complications, such as reductions in severity, although such reductions are plausible. Furthermore, we assumed that the rate at which complications occurred once a person had diabetes or hypertension was unchanged, although a change in this rate in response to the intervention is also plausible.
Specifically, we assumed a 5% reduction in the population prevalence of uncomplicated diabetes or hypertension in the first period. Recent trends for diabetes alone indicate an average 4.8% annual increase in prevalence between 2000 and 2006, with much of the recent increases attributed to lifestyle factors. [16] [17] [18] For simplicity, we assumed that movement in and out of the affected population, from backsliding and new conversions, yielded a constant net reduction in the prevalence of both conditions. Thus, the reduction in incidence of diabetes or hypertension was modeled as a 1-time reduction sustained over time, so that estimated savings would be realized annually. We believe this to be a middle-of-the-road assumption. An optimistic assumption would be that prevalence reductions rise over time, and a pessimistic assumption would be that they diminish over time.
Data
The primary data for the analysis were from the 2003 to 2005 waves of the Medical Expenditure Panel Survey Household Component (MEPS-HC). 15 The survey collects detailed information on medical utilization and spending by source of payment, insurance coverage, health, and sociodemographic characteristics from a nationally representative sample of the civilian noninstitutionalized population. The analysis sample pooled annual observations on adult respondents (aged ‡18 years) from the 3-year period and contained 66 928 observations on 45 431 unique individuals. We used the National Health Expenditure Accounts (NHEAs), which reflect changes over time in both price and quality, to norm our MEPS estimates by source of payment by using a detailed reconciliation of differences between spending included in the MEPS and the NHEA. 
Statistical Analysis
We used generalized linear models to estimate spending associated with each disease cluster at the national level. On the basis of statistical testing of alternative specifications, 20 we estimated a 1-part model with a log link and assumed a g error distribution for each annual spending variable (all payers, Medicare, and Medicaid). Samples for the Medicare and Medicaid models were limited to individuals who either reported enrollment in the respective programs or had positive program expenditures on their behalf. The explanatory variables of interest were dummy variables, C j , indicating respondents with each of the study conditions. Each model also controlled for sociodemographic variables (X) including age, gender, level of education, metropolitan residence, race/ethnicity, poverty status, and health insurance coverage. The expenditure model can be summarized as
To estimate the costs (total and by payer p) associated with each condition j, we calculated the predicted value of spending for each sample member i given their actual profile of conditions and summed these predictions across the weighted sample. This sum forms the baseline spending estimate with the current distribution of conditions in the population. To estimate the total expenditures associated with the conditions, we simulated counterfactual distributions of conditions that eliminated each condition in turn by changing the relevant subsets of dummy variables (C j ) to zero, leaving all other C and X variables at their actual values. We then recalculated the individual predicted spending values and again summed the predictions over the population. The difference between the baseline and each counterfactual can be interpreted as the excess costs associated with each condition. Excess costs associated with uncomplicated disease were estimated on the basis of individuals in the MEPS who had diabetes or hypertension but had none of the 3 more advanced conditions. Excess costs associated with heart disease, stroke, or kidney disease were based on persons with the forms of these diseases associated with diabetes, hypertension, or their common and modifiable antecedents. The estimated excess costs are thus mutually exclusive. Persons with uncomplicated disease by definition and by construction do not have the more advanced conditions and vice versa.
We computed the savings from reduced disease prevalence as proportional to the reduction in prevalence. The assumption of proportional reduction in excess costs is equivalent to assuming a random distribution of prevented cases by costliness, in the absence of evidence on which to base a different assumption, such as larger reductions among least costly cases. Thus, for example, a 5% or 10% reduction in the prevalence of a disease would result in medical cost savings equal to 5% or 10% of the excess costs associated with the disease. We present savings estimates for a 5% prevalence reduction. A 10% reduction would generate savings twice as large as the estimates we present; savings from a 2.5% reduction would be half as large as our estimates.
The MEPS-HC multistage probability sample is not designed to represent each state's population. We therefore relied on a propensity score method to estimate state-level medical care savings. 21 First, we used pooled 2004-2006 CPS data to estimate the probability of residing in each state as a function of a vector of demographic characteristics common to the MEPS-HC and CPS by using a probit model of state residence of the form
We then used the parameter estimates for b k to compute a predicted probability of residence in state k,P ki , for each MEPS-HC observation from the appropriate census region (REG r ) and constructed sample weight adjustment factors for each state and the District of Columbia.
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The reweighted MEPS-HC observations constituted pseudo-states in which the distribution of social, demographic, economic, and health insurance characteristics closely matched that of the true state populations. To ensure that each pseudo-state sample exactly matched the joint distribution of 3 key characteristics (race/ethnicity, employment, and health insurance) in each state, we used the CPS to calculate the additional weight adjustment factors required. 21 We calculated state savings estimates by applying the same modeling strategy described in equation 1 for national estimates to the 4 census region samples. The parameter estimates from the appropriate regional spending model were then applied to each of the 51 synthetic state samples created by the reweighting technique. Regional parameter estimates thus took into account differences in prices and practice patterns across the country.
RESULTS
Of the approximately 216 million US residents represented by our sample, 17.9% had uncomplicated disease and 8.3% had complicated disease. Persons covered by Medicaid or Medicare were more likely than were others to be affected. Among Medicaid recipients, 21.0% had uncomplicated disease and 13.7% had complicated disease. For Medicare recipients, these proportions were 36.5% and 27.9%, respectively. Only 35.6% of Medicare recipients had none of the conditions, compared with 73.8% of the total population and 65.3% of Medicaid recipients.
Excess Costs Associated With Target Conditions
Estimates of the excess annual medical care spending associated with the conditions in the US adult noninstitutionalized population are provided in Table 2 . These conditions accounted for $494 billion in national medical spending, which represented 33.9% of annual all-payer spending for this population.
Uncomplicated disease accounted for $180 billion of the excess annual spending, with more than half attributable to persons with uncomplicated hypertension alone. Complications of these conditions accounted for the largest share of excess costs-$314 billion, or 21.6% of total annual spending. More than twice as many persons had uncomplicated disease as had complicated disease, but the perperson excess costs associated with complicated disease were nearly 4 times as much as the per-person excess costs for uncomplicated disease. As a result, the potential for savings from reductions in prevalence was greatest in the second period of the model.
The excess costs associated with the study diseases were not distributed evenly across payers because of differences in the size and characteristics of the populations covered. By far, the largest share of costs was borne by payers other than Medicaid and Medicare, primarily private insurance and out-of-pocket payments, which accounted for about 60% of excess health costs for the study population. Medicare, however, bore the greatest burden of excess costs, which represented 46.2% of total Medicare spending for the study population but only 26.2% of Medicaid costs and 31.3% of private costs. The greater Medicare burden is consistent with the concentration of more advanced disease at older ages. The proportion of excess costs borne by each payer also varied by disease category. Medicaid paid fairly similar shares of excess costs for uncomplicated disease (8.6%) and complicated disease (10.2%). Private payers paid a larger share of excess costs for uncomplicated disease (74.6%) than for complicated disease (50.3%). Medicare, in contrast, paid for 16.8% of excess costs for uncomplicated disease but paid more than twice that proportion (39.6%) of excess costs for complicated disease.
Potential Savings
The total excess spending shown in Table 2 represented the target costs that might be reduced by prevention. As modeled, the share of these costs actually avoided is proportional to the reduction achieved in prevalence. We calculated results for an assumed 5% reduction in the population prevalence of uncomplicated diabetes and hypertension in the first time period, and a 5% proportional reduction in the prevalence of associated complications in the second time period.
Estimates of the savings that could be realized annually under these assumptions nationally and by states and payers in the 2 time periods are presented in Table 3 . Medicaid savings were calculated separately by state and federal share of the estimated savings. The reduction in first-period uncomplicated disease prevalence would yield annual savings of nearly $9.0 billion nationally. The reduction in the prevalence of complicated disease in the second period would increase total annual savings to $24.7 billion.
Like potential national savings, state-level savings in both time periods would accrue primarily to nonpublic payers, including out-ofpocket payments by individuals. In the first period, the proportion of savings that would accrue to nonpublic payers ranged from 38.6% in New York to 87.0% in Virginia. In the second period, when Medicare became more important, the nonpublic share of savings fell somewhat, ranging from a low of 27.0% in New York to a high of 72% in Wisconsin.
As at the national level, the largest potential state-level savings occurred during the second period. Although the level of savings varied substantially across states, there was less variation in potential savings as a percentage of total spending. The potential savings over all payers was 0.6% of total spending nationally in the first period, with a range across states of 0.3% to 0.9%. In the second period, the savings represented 1.7% of total national spending and ranged from 1.1% to 2.2% across states.
The differences in the level, percentage, and distribution of savings across payers were affected by the size of the state population, demographic characteristics, the generosity of Medicaid program eligibility and benefits, and state or regional medical practice patterns. We focus our discussion on the magnitude of savings and the prevalence of the study conditions.
The largest potential savings for all payers was in California: $882 million and $2.5 billion in the first and second periods, respectively. The 5 most populous states-California, New York, Florida, Texas, and Illinois-had the Continued largest potential savings and together accounted for nearly 36% of the total potential savings nationally. The 10 states with the highest savings accounted for more than half of allpayer savings. Thus, prevention in these large states had the highest estimated cost-saving potential, although of the top 5, only Florida had an above-average prevalence of the study conditions in the MEPS data. The 5 states with the highest prevalence of uncomplicated disease were among the states with the most to gain in the percentage of reduction in their spending. Although West Virginia was 33rd in total potential savings ($229 million), it had the highest potential percentage of reduction in total spending, 2.2%, and had the highest prevalences of uncomplicated and complicated disease (21.6% and 12.7%, respectively). The remaining 4 states-Mississippi, Alabama, Arkansas, and Tennessee-all had uncomplicated disease prevalences above 20% and complicated disease prevalences well above the median state prevalence of 8.3%. For all 5 states, savings would be more than 2% across all payers, 1.7% to 1.8% for Medicaid, and 2.4% for Medicare. Together, however, these 5 states represented only 7.4% of the potential savings nationally.
DISCUSSION
In computing our estimates, we made conservative assumptions about the level and duration of the likely effects of communitybased prevention. For example, prevention activities would likely affect the severity of both complicated and uncomplicated disease as well as medical expenditures for persons with undiagnosed disease, 23 but we did not include these effects in our calculations. Nor did we include the effects of prevention initiatives on other conditions; on nonmedical factors, such as productivity; or on societal value, which is increasingly argued to be the appropriate metric for measuring the benefits of disease prevention. 24, 25 Our estimate that $24.7 billion in excess medical spending would be avoided annually if primary prevention were able to achieve a 5% reduction in only the conditions we examined can be considered a conservative estimate of the investment in prevention activities that could be offset by medical care savings alone. We did not directly consider the costs of the interventions that could achieve our illustrative level of disease reduction. The evidence base does not currently provide a template for what a community-based intervention that would accomplish a given reduction in the diseases we examined would look like or what it would cost. There are, however, promising developments on that front, at least on a small scale. [26] [27] [28] [29] [30] [31] [32] In fact, the evidence that does exist suggests that a 1-sizefits-all intervention is unlikely; that even for effective programs, effect sizes are reported in many different ways so that evidence is difficult to combine across programs; that programs tend to be multifactorial with little if any means to differentiate the contribution of components to effect size; and that cost information is minimal and not easily applied to estimating the cost of a large-scale intervention. 33 The costs of interventions and the effect sizes they accomplish are likely to vary across states and across communities and population groups within states. To put our savings estimates in perspective, $9.0 billion in first-period savings would cover a $29 per-person annual investment for every US resident. Targeting activities to areas or groups at higher risk-for example, persons who are overweight, who smoke, or who have limited access to healthy foods-could substantially increase cost-effectiveness. We estimate that by the second period, annual savings would increase nearly 3-fold. Although the annual savings we estimated were not affected by our assumption of a 5-year window for the prevalence reduction to be realized, investment behavior may be affected if, for example, it takes 10 years for second-period savings to be realized. Absent other incentives, lower-income states or states and other stakeholders that do not take into account savings beyond a legislative budget window may find it difficult to justify investments based on the promise of future return.
Several factors argue for broader public investment. Although some large employers have implemented workplace wellness programs and reported savings from such programs, which suggests a growing recognition of the financial benefits of prevention, market signals alone may not be able to bring about an optimal level of investment in the private sector. 34, 35 Additional difficulties arise in assigning the costs of interventions because of the distribution of savings across public and private payers. In both time periods, the potential savings are greatest in dollars for nonpublic payers, whereas the relative expenditure reductions are greatest for Medicare. But both persons served by public programs and those privately insured would benefit, because reductions in medical care expenditures slow the growth rate of Medicare and Medicaid costs, private premiums, and out-of-pocket costs. Slower public program growth also reduces the pressure to raise state and federal taxes, which both businesses and individuals pay. Finally, government investment in well-designed and evaluated interventions may be required to provide the strong evidence base that is currently lacking.
Limitations
The MEPS-HC relies on self-reports for diagnoses, and therefore some individuals may have been misclassified. Because the MEPS is not designed to make state-level estimates, we relied on statistical estimation of state populations. Although tests suggested that our estimation procedure yielded reasonably accurate results, and comparisons to state-level findings of other researchers on the prevalence 36 and
Medicaid costs 16 of chronic disease add external validity to our findings, the reader should keep in mind the nature of the estimates when looking at any 1 state. Finally, like all modeling efforts, ours required several assumptions, notably the size, persistence, and time frame for effects of a community-based intervention addressing common lifestyle-related risk factors for the diseases we considered.
Conclusions
The magnitude of the excess costs associated with the common preventable diseases we examined-$494 billion annually-provides evidence of the potential economic benefit of primary prevention even when focused narrowly on medical care spending. In addition to reducing these costs in aggregate, communitybased primary prevention also could contribute to reduced health disparities because the study conditions and the lifestyle-related risk factors associated with them differ by economic status and race/ethnicity, both of which are major sources of the differences across the states in estimated potential savings. The literature suggests that a measurable reduction in diabetes, hypertension, and related conditions can be achieved and sustained in controlled settings, but additional well-designed and evaluated research is needed to provide direct evidence for the large-scale efficacy and costs of this type of intervention. 37 The large potential savings to government health programs may provide justification for public investments in this research. j
